Extracts of Cuscuta stem collected over different hosts were prepared by stimulated effect of ultrasonic waves using different solvents like 100% methanol, 80% methanol, 100% ethanol, 80% ethanol, water and n-hexane. Maximum extract yield (g/100 g of DW) was detected by using 80% methanol solvent (11.72-26.14) followed by water (10.52-22.95), 80% ethanol (10.19-22.63), methanol (8.91-22.61), ethanol (5.92-15.12), and n-hexane (3.82-8.72). Maximum level of TPC (71.11), TFC (85.11), reducing power (2.56), DPPH scavenging activity (59.57), percent inhibition of linoleic acid peroxidation (87.49) and δ-tocopherol (100 µg of δ -Toc/g of FW) was found significantly higher (P < 0.05) in stem collected from Z. jojoba whereas α-(21 µg of δ -Toc/g of FW) and ϒ-tocopherol (96 µg of δ -Toc/g of FW) contents were found higher (P < 0.05) in E. jambulana and C. latifolia. A strong correlation between total phenolics (R 2 =0.916) or reducing power (R 2 =0.561) and antioxidant activity was found in methanolic extract whereas flavonoids exhibited weak correlation with antioxidant activity.
Introduction
Prooxidants and antioxidants are directly related to the maintenance of the health. Well known prooxidants are Reactive Oxygen Species (ROS) like superoxide anion, hydroxyl radical, hydrogen peroxide and singlet oxygen. When imbalances occur between prooxidants and antioxidants, results in cellular oxidative stress and lipoproteins degeneration that enhance the development of many diseases like cancer, aging, inflammation, cardiovascular diseases, neurodegenerative diseases, and liver injury etc [1, 2] .
Therefore, body cells can be protected from the attack of oxidative stress by using the diet containing antioxidants such as phenolics, flavonoids, tocopherols and vitamins called functional food, effectively protect the body cells from the attack by oxidative stress. In traditional medicines, it is believed that food and medicine has the same origin but differ in their application and uses. Human health can be promoted by using functional foods or medicated diets in the form of tonics which are prepared by using different medicinal/ herbal plants and to prevent and cure diseases [3, 4] .
Cuscuta sp. (Convolvulaceae)
is one of the commonly used herbal constituents in functional foods and medicinal tonics to nourish the different body parts. It is often added as nutrient in porridge and alcoholic beverages to improve quality of food. It is also used to prevent abortion as well as aging in clinical treatment. Previous studies have indicated that Cuscuta sp. possesses anticancer and immune stimulatory activities. In addition, Cuscuta glycoside has been demonstrated to exert anti-aging effects and enhance memory [4] [5] [6] [7] .
Reagents and standards
All chemicals of analytical grade used in this study were purchased from either E. Merck (Darmstadt. Germany) or Sigma-Aldrich (Buchs, Switzerland) unless otherwise noted. Pure standards of tocopherols [DL-α-tocopherol, (+)-δ-tocopherol, and (+)-γ-tocopherol], 1,1-Diphenyl-2-picrylhydrazyl radical (DPPH, Sigma, 90.0 %), linoleic acid, food grade synthetic antioxidant butylated hydroxytoluene (BHT, 99.0 %), Folin-Ciocalteu reagent (2 N), and gallic acid were purchased from Sigma Chemicals Co (St, Louis, MO, USA). All other chemicals of analytical grade were purchased from Merck (Darmstadt, Germany).
ethanol, water and n-hexane for two hours at room temperature in ultrasonic bath then filtered with filter paper (whattman filter paper). The residues were re-extracted twice. Extract was concentrated and lyophilized. The dried crude concentrated extracts were weighed to calculate the yield and stored at 4°C till for further analysis (Table 1) .
Antioxidant potential of Cuscuta sp.
Total phenolic contents (TPC): Total phenolic contents of Cuscuta stem extracts were determined according to the Folin-Ciocalteu method as reported by Riaz et al. [8] .
Total flavonoid contents (TFC): Total flavonoid contents was determined by modified method as described by Anjum et al. [9] . DPPH radical scavenging activity: DPPH radical scavenging activity was analyzed by following the modified method of Arshad et al. [10] .
Determination of reducing power:
The reducing power of the Cuscuta stem extracts was determined according to the modified method of Mahmood et al. [11] .
Determination of Percent inhibition of linoleic acid peroxidation: Oxidation of lioleic acid was estimated by following the method of Khan et al. [12] .
Statistical analysis
Samples of each Cuscuta extract were assayed in triplicate and data are reported as mean (n=3×3×1) ± SD (n=3×3×1). 2-Way analysis of variance (ANOVA) at probability value of p=0.05 was used to analyze the data using Minitab 2000 Version 13.2 statistical software (Minitab Inc. Pennsylvania, USA) [13] .
Results and Discussion
Antioxidant extracts (g/100 g of dried Cuscuta stem) using different solvents were obtained from Cuscuta stems collected from different host plants and values are depicted in table 2. Maximum extract yield was detected by using 80% methanol solvent (11.72-26.14) followed by water (10.52-22.95), 80% ethanol (10.19-22.63 ), methanol (8.91-22.61), ethanol (5.92-15.12), and n-hexane (3.82-8.72 ). This trend of extract yield indicating the fact that most of the antioxidants are soluble in more polar solvent like aqueous methanol. Similar trend of antioxidant extraction was reported by Khan et al. [12] as well as Anjum et al. [9] . In present research work, the variation in extract yields might be ascribed to the different availability of extractable components in Cuscuta stem, resulting from the varied chemical composition of host plants [14] . The amount of the antioxidant components that can be extracted from stem is mainly affected by the vigor of the ultrasonically assisted extraction procedure, which may probably vary from sample to sample. Amongst other contributing factors, efficiency of the extracting solvent to dissolve endogenous compounds might also be very important [15, 16] .
Antioxidant potential of Cuscuta sp.
Total phenolic contents (TPC): Phenolics are well established to show antioxidant activity and contribute to human health. Total phenolic contents of stems extracts using different solvents are presented in table 2. Among the different solvent systems, aqueous methanolic extract of stem collected from Z. jojoba offered the highest Values (mean ± SD) are average of three samples of each Cuscuta stem, analyzed individually in triplicate (n = 1x3 x 3), (P < 0.05); DW= dry weight; Superscript letters within the same row indicate significant (P< 0.05) differences of means within the extracting solvent; Subscript letters within the same column indicate significant (P< 0.05) differences of means among the Cuscuta stem collected from different host plant. Values (mean ± SD) are average of three samples of each Cuscuta stem, analyzed individually in triplicate (n = 1x3 x 3), (P < 0.05); Superscript letters within the same row indicate significant (P< 0.05) differences of means within the extracting solvent; Subscript letters within the same column indicate significant (P< 0.05) differences of means among the Cuscuta stem collected from different host plant. Flavonoid are known to be promising antioxidant acting as free radical scavengers with activities influenced by their hydroxylation pattern. So flavonoids may prevent a number of diseases created by free radicals.
Reducing power:
The results showing the effects of extracting solvent on the reducing potential of extracts of different Cuscuta stems at concentration of 10 mg/mL are shown in table 4. The absorbance values of the all stems extract solutions (Concentration of 10 mg/ mL) detected in this assay ranged from 0.08 to 2.56 in aq. ME except A. indica and E. jambulana who gave maximum reducing potential values in ME. The reducing potential in aq. ME follow the order of effectiveness as: aq. ME of Z. jojoba (2.56)>ME of A. indica (2.15)>ME E. jambulana (2.11)>aq. ME of C. latifolia (1.91)>aq. ME of M. alba (1.63)>aq. ME of E. camaldulensis (1.47)>aq. ME of M. azadirach (1.35)>aq. ME of A. Arabica (1.31)>aq. ME of A. nilotica (1.08). In general, good reducing power in the present analysis is complimentary to the TPC. The plant extracts with higher levels of total phenolics also exhibit greater reducing power.
DPPH scavenging activity:
Scavenging activity of Cuscuta stems extract is depicted in table 5. Absorbance in this assay was recorded at 0.5 to 10 min time intervals from initiation of the reaction. At the beginning of the reaction, scavenging activity was similar but changed with increase in the reaction time until it stabilized by the 10th min. Significant (p<0.05) differences of DPPH scavenging capacities among extracts were observed at 5 th minute of the reaction. The DPPH scavenging ability of the sample extracts was reported as the percent of DPPH scavenged (% DPPH. scavenging). As expected, a higher percent of DPPH scavenging is correlated to a higher antioxidant activity due to polyphenolic, carotenoids, flavonoids and phenolic compounds
Values (mean ± SD) are average of three samples of each Cuscuta stem, analyzed individually in triplicate (n = 1x3 x 3), (P < 0.05); Superscript letters within the same row indicate significant (P< 0.05) differences of means within the extracting solvent; Subscript letters within the same column indicate significant (P< 0.05) differences of means among the Cuscuta stem collected from different host plant. Values (mean ± SD) are average of three samples of each Cuscuta stem, analyzed individually in triplicate (n = 1x3 x 3), (P < 0.05); Superscript letters within the same row indicate significant (P< 0.05) differences of means within the extracting solvent; Subscript letters within the same column indicate significant (P< 0.05) differences of means among the Cuscuta stem collected from different host plant. [23] reported the significant free radical scavenging activity of alcoholic extract of Cuscuta reflexa as compared to water extracts.
Percent inhibition of linoleic acid peroxidation:
The present data were also compared with that of the synthetic antioxidant BHT (Reference compound), which exhibited inhibition of linoleic acid oxidation at a level of 84.21 %. Among Cuscuta stem extracts, maximum inhibition was noted by aq. ME (45.31-87.49%) followed by ME (44. Tocopherol contents: Tocopherols are biologically important antioxidants that are correlated with the reduction in heart diseases, delay of Alzheimer's disease, and preclusion of cancer. Especially, α-tocopherol (vitamin E) prevents oxidation of body lipids including polyunsaturated fatty acids and lipid components of cells and organelle membranes. δ -tocopherol has maximum antioxidant activity. In Cuscuta stems, α-, ϒ-and δ-tocopherols were detected by HPLC method. δ -tocopherol (28-160 µg/g) was found maximum in all Cuscuta stems followed by ϒ-tocopherol (10-96 µg/g) and α-tocopherol (08-21µg/g). A significantly (P<0.05) higher concentration of sigma tocopherol µg/g (160) was detected in Cuscuta stems collected from A. indica followed by E. camaldulensis (101), Z. jojoba (100), A. nilotica (91), M. alba (67), E. jambulana (51), A. Arabica (45), C. latifolia (39) and M. azadirach (28) . Maximum level of gamma tocopherol (96) was estimated in C. latifolia whereas alpha tocopherol was detected maximum in E. jambulana (21) . Thomas et al. and Szimanska and Kruk [24, 25] also reported highest contents of gamma and sigma tocopherol contents in different Cuscuta sp. Tocopherol is group of lipophilic antioxidant synthesized by photosynthetic organisms. Their antioxidant function is attributed to inhibition of membrane lipid peroxidation and scavenging of reactive oxygen species. Since a rich source of tocopherol, Cuscuta stems can be used in food, feed, pharmaceutical, cosmetics and resins (Table 7) .
Values (mean ± SD) are average of three samples of each Cuscuta stem, analyzed individually in triplicate (n = 1x3 x 3), (P < 0.05); Superscript letters within the same row indicate significant (P< 0.05) differences of means within the extracting solvent; Subscript letters within the same column indicate significant (P< 0.05) differences of means among the Cuscuta stem collected from different host plant. Values (mean ± SD) are average of three samples of each Cuscuta stem, analyzed individually in triplicate (n = 1x3 x 3), (P < 0.05); Superscript letters within the same row indicate significant (P< 0.05) differences of means within the extracting solvent; Subscript letters within the same column indicate significant (P< 0.05) differences of means among the Cuscuta stem collected from different host plant. Correlation between antioxidant activity and total phenolics, flavonoids, and reducing power
Total phenolic contents of absolute methanolic extract of Cuscuta stems showed a strong correlation with antiradical activity (R 2 =0.916) followed by absolute ethanol (R 2 =0.521) and 80% ethanol (R 2 =0.517). This high correlation between DPPH scavenging activity and total phenolic contents suggests that major antioxidants might be phenolics in addition to tocopherols, flavonoids, ascorbic acid, sterols, carotenoids and synergism between antioxidants [26] . Other solvents extract of Cuscuta stems showed weak correlation (R 2 = -ve0.545--ve0.012) between TPC and DPPH scavenging activity. High correlation (R 2 =0.912 at P<0.05) between phenolic contents and antioxidant activity has also been reported earlier [27, 28] . The correlation (R 2 =0.616) between flavonoids and DPPH scavenging activity was found higher in ethanolic extracts of Cuscuta stems whereas other solvent extract showed weak correlation (R 2 =-0.852-0.381) which is consistent with the findings of Imeh and Khokhar [29] and Ghimiri et al. [17] but contradictory to the findings of Kahkonen et al. [30] who reported the significant correlation between flavonoids and antioxidant activity of all solvent extracts. This weak relationship between antioxidant activity and total flavonoids contents may be caused by other factors like total phenolics with certain structure and hydroxyl position in the molecule can only act as proton donors and show free radical scavenging activity [31, 32] . Moreover, significant differences in total phenolics, total flavonoids and DPPH scavenging activity can be attributable to extraction solvents, time of collecting samples, environment and genetic differences due to the different host plants [33] . The values of DPPH scavenging activity of methanolic extracts was correlated (R 2 =0.561) with reducing power whereas other solvent extracts showed weak correlation (R 2 =-0.1-0.213) DPPH and reducing power. DPPH has very weak correlation R 2 =-0.463-0.437) with the values of percent inhibition of linoleic acid peroxidation of all solvent extract except n-hexane extract (R 2 =0.802) ( Table 8 ).
Conclusion
The results of the present investigation revealed that aqueous solvent (80% methanol, 80% ethanol) extracts of Cuscuta stems exhibited better antioxidant activities due to higher phenolic contents as well as reducing power. Antioxidant activity was found complimentary to the concentration of TPC and reducing power of the extract. The present data would certainly help to ascertain the potency of the Cuscuta stems as potential source of natural antioxidants to be used for nutraceutical and functional food applications. However, further research is needed to identify individual components forming antioxidative system and develop their applications for food and pharmaceutical industries. 
